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(57) ABSTRACT 

An exceSS current interrupting Structure comprising a con 
ductive wire rod which generates heat by an excess current 
connected between a pair of electric conductors, a circum 
ference of the conductive wire rod being covered with a 
resin with a thin coated layer formed in the vicinity of a path 
of the conductive wire rod. 
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EXCESS CURRENT INTERRUPTING 
STRUCTURE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an exceSS current inter 
rupting Structure which shuts off an electric current path 
connected to a load with high responsiveneSS and high 
reliability when the current path receives a current in exceSS 
of a predetermined value (referred to hereinafter as an excess 
current), and more particularly to an excess current inter 
rupting Structure which is formed by using a conductive wire 
which generates heat under the exceSS current. The wire is 
made of a good conductor, Such as gold, copper and 
aluminum, has a relatively high resistance in the wire form, 
is covered with a resin and is placed in a current path Such 
that the path is completely shut off once the excess current 
flows through the path. 

2. Description of the Related Art 
Prior art devices employ fuses, which are inserted in a 

current path connected to a load, and melt away under an 
excess current to shut off the current path. AS well known in 
the art, a cartridge fuse 101 of the structure shown in FIG. 
16 is used when a target excess current is high, as in the case 
of a current path connected to a load, and a tubular fuse 102 
of the structure shown in FIG. 17 is used with electronic 
devices of Small target exceSS current. However, these fuses 
have the following problems: 

(1) The cartridge fuse 101 has a complicated construction, 
a high degree of difficulty in manufacturing and a high price, 
So that it causes a large cost increase in the overload 
protection of a current path connected to the load. 

(2) Both the cartridge fuse 101 and the tubular cartridge 
102 use a fuse holder, so that when they are placed in an 
electronic device, they occupy a large Space. 

The new excess current interrupting Structure of this 
invention uses a conductive wire which generates heat when 
an excess current flows through it. The wire is made of a 
good conductor, Such as gold, copper or aluminum, has a 
relatively high resistance in the wire form, is covered with 
a resin, and is placed in a current path Such that the path is 
completely shut off once the exceSS current flows through 
the path. This enables both Securing of the capacity of an 
electric current path (heat radiation to the Surrounding of the 
path) and fixing of a pair of electric conductors (for example, 
terminals) connected to the conductive wire. In addition, this 
Structure is advantageous in View of its ease of handling, 
resistance to the environment and insulating characteristics 
with respect to peripheral parts. 

However, in the case of a prior art Structure in which the 
circumference of a conductive wire is coated with a resin, it 
should be noted that the carbonization of the resin around the 
conductive wire occurs when the conductive wire is melted 
under an excess current. This carbonized portion forms a 
bypass electric current path (carbonized path). Thus, even 
when the conductive wire is melted by the excess current, 
the bypass electric current path formed by the carbonized 
portion remains, and the exceSS current continues to be 
Supplied to the load. Therefore, the prior art Structures in 
which the circumference of the conductive wire is coated 
with a resin are impractical. 

SUMMARY OF THE INVENTION 

The present invention aims at providing a practical exceSS 
current interrupting Structure in which the circumference of 
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2 
a conductive wire is coated with resin and shuts off with high 
responsiveneSS and high reliability an electric current path in 
which an exceSS current flows. 

This invention is directed to providing an exceSS current 
interrupting Structure comprising a conductive wire which 
generates heat under an excess current and connects a pair 
of electric conductors. The circumference of the conductive 
wire is covered by a thin resin layer formed in the vicinity 
of the path of the conductive wire. 

In the invention, when the conductive wire connecting a 
pair of electric conductors generates heat under an exceSS 
current, causing the temperature thereof to increase, with the 
resin layer also generating heat at the Same time to cause the 
temperature thereof to increase, the temperature rise in the 
resin layer is concentrated in the Section over which the thin 
coated portion is formed. As a result, thermal StreSS and a 
large quantity of gas form upon the carbonization of the 
resin in the Section of the thin resin layer, rather than in the 
Section which has a thick resin coating. In other words, the 
rate of increase in thermal StreSS and gas pressure in the 
Section of the thin resin layer is sharper than the increase in 
the thermal StreSS and the pressure in the Section of the resin 
layer which is thicker. 

Therefore, when a carbonized path is formed because of 
the carbonization of the resin around the conductive wire 
under an exceSS current, the thermal StreSS and gas preSSure 
reach a critical bursting preSSure in the Section of the thinner 
resin coating and burst the Section on a Small Scale. In the 
meantime, the thermal StreSS and gas pressure remain well 
short of the bursting pressure of the section of the thicker 
resin coating. Consequently, the Section of thin resin layer is 
instantaneously destroyed, together with the carbonized 
path. Typically, a crack forms in the Section of the thin resin 
layer when the bursting takes place, and it does not matter 
whether the conductive wire is melted by the excess current. 
AS a result, when a load current flowing in the current path 
between a pair of electric conductors reaches an exceSS 
current level, the current path in the Section of thin resin 
layer is shut off with high responsiveness and high reliability 
while the Section of thicker resin coating remains unde 
stroyed. In addition, the thickness of coating of the Section 
of thin resin layer may be regulated So that the shut-off time 
for the current path is adjusted accordingly. 
The conductive wire of this invention comprises a thin 

metal wire made of a conductive metal of a high electric 
conductivity. This enables flexibility in placement of the 
conductive wire in a device. 

Furthermore, the exceSS current interrupting structure of 
this invention may have a plurality of conductive wires 
connecting the pair of electric conductors. This enables the 
expansion of the heat generation region under the exceSS 
current flow between the pair of electric conductors, thus 
eXpanding the destruction Starting region. In this 
configuration, the diameter of the electric wire changes 
inversely in proportion to the number of the wires. 

Still further, in this invention, the material and volume of 
the conductors are Selected So that the generation of heat 
under the excess current concentrates at the conductive wire. 
This enables heat generation with high responsiveness when 
the exceSS current flows in the current path. 

Furthermore, in this invention, the conductors are of a 
shape Suitable for mounting on a circuit board So that 
Standard Surface mounting techniques are used in accor 
dance with Standard Surface mounting specifications. It is 
also possible that the thinner resin coating is formed by 
transfer molding using a metal mold, resulting in a much 
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Simpler production process. The excess current interrupting 
Structure of this invention may also include a Sensor for 
detecting a change in a condition of the device. Such a 
Sensor may be made of temperature Sensing material and a 
physical force Sensing material. Such a Sensor may change 
its color under heat or StreSS So that the change is recognized 
even when the destruction of the excess current interrupting 
Structure is not clearly visible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic perspective view showing the 
construction of a first embodiment of the exceSS current 
interrupting structure according to the invention. 

FIGS. 2(a) and 20b) show a first variation of the first 
embodiment of the exceSS current interrupting structure 
according to the invention. 

FIG. 3 shows a modification of the first variation of the 
first embodiment of the excess current interrupting structure 
according to the invention. 

FIGS. 4(a) and 4(b) show a second variation of the first 
embodiment of the exceSS current interrupting structure 
according to the invention. 

FIGS. 5(a) and 5(b) show a third variation of the first 
embodiment of the exceSS current interrupting structure 
according to the invention. 

FIGS. 6(a) and 6(b) show a fourth variation of the first 
embodiment of the exceSS current interrupting structure 
according to the invention. 

FIG. 7 shows a modification of the Second variation of the 
first embodiment of the excess current interrupting structure 
according to the invention. 

FIG. 8 is a Schematic perspective view showing the 
construction of a Second embodiment of the exceSS current 
interrupting structure according to the invention. 

FIGS. 9(a)-9(c) show the manufacturing stages for the 
Second embodiment of the excess current interrupting Struc 
ture according to the invention. 

FIG. 10 is a schematic perspective view showing the 
construction of a third embodiment of the exceSS current 
interrupting structure according to the invention. 

FIGS.11(a)-11(d) show the manufacturing stages for the 
third embodiment of the excess current interrupting structure 
according to the invention. 

FIGS. 12(a) and 12(b) show the construction of a fourth 
embodiment of the exceSS current interrupting structure 
according to the invention. 

FIG. 13 is a schematic perspective view showing the 
construction of a fifth embodiment of the excess current 
interrupting structure according to the invention. 

FIG. 14 is a schematic perspective view showing the 
construction of a sixth embodiment of the exceSS current 
interrupting structure according to the invention. 

FIG. 15 is a schematic perspective view showing the 
construction of a Seventh embodiment of the excess current 
interrupting structure according to the invention. 

FIG. 16 is a perspective view showing an example of a 
prior art cartridge type fuse. 

FIG. 17 is a perspective view showing an example of a 
prior art tubular fuse. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred modes of the embodiments of this invention will 
now be described in reference to the drawings described 
above. 
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4 
The schematic perspective view of FIG. 1 shows the 

construction of a first embodiment of the exceSS current 
interrupting structure according to the invention. Referring 
to the drawing, reference numerals 1 and 2 denote electrodes 
of a terminal Structure which constitute a pair of electric 
conductors, and reference numeral 3 denotes a conductive 
wire made of a metal of a high electric conductivity, for 
example, gold, copper or aluminum. The diameter of the 
wire is Small enough to form a relatively high resistance and 
is adapted to generate heat under an exceSS current. The 
diameter of the wire used in the first embodiment was 50 tim 
for the gold wire and 300 um for the aluminum wire. Also, 
reference numerals 4 and 5 denote a thick resin layer and a 
thin resin layer, respectively. 

In the exceSS current interrupting Structure of the first 
embodiment, the conductive wire 3 connecting the pair of 
electrodes 1, 2 and generating heat under the excess current 
is formed by wire bonding, and the resin layer 4 is formed 
by coating a resin, for example, an epoxy resin, using 
transfer mold technique with a metal mold, which Seals the 
circumference of the conductive wire 3. When the resin 
layer 4 is formed, the thin resin layer 5 is formed at the same 
time by forming a circular dent in the vicinity of the path of 
the conductive wire 3. The depth of the dent above the thin 
resin layer 5 is adjusted so that the conductive wire 3 is not 
exposed. The configuration shown in FIG. 1 has a depth of 
about 0.5 mm. 

The material and size (or Volume) of the electrodes are 
Selected So that they have a low resistance and a high heat 
capacity. As a result, the heat generation concentrates at the 
conductive wire 3 when an excess current follows between 
the two electrodes 1, 2. Accordingly, the conductive wire 3 
generates heat with a high degree of responsiveness. 
When the conductive wire 3 connecting the electrodes 1, 

2 generates heat to increase the temperature, the generated 
heat concentrates at the thin resin layer 5 because of the 
Structure described above. During this heating, thermal 
StreSS and a large quantity of gas form because of the 
carbonization of the resin in the resin coating, especially, in 
the thin resin layer 5. 

Therefore, when a carbonized path is formed because of 
the carbonization of the resin around the conductive wire 3 
under an exceSS current, the thermal StreSS and gas preSSure 
reach a critical bursting pressure in thin resin layer 5 and 
burst the thin resin layer 5 on a Small Scale. In the meantime, 
the thermal StreSS and gas pressure remain well Short of the 
bursting pressure in the Section of the resin layer 4, which is 
thicker than the thin resin layer 5. Consequently, the Section 
of thin resin layer 5 is instantaneously destroyed, together 
with the carbonized path. Typically, a crack forms in the 
Section of the thin resin layer 5 upon bursting, and it does not 
matter whether the conductive wire 3 is melted by the excess 
current. As a result, when a load current flowing in the 
current path between the pair of electric conductorS 1, 2 has 
become an excess current, the current path in the thin resin 
layer 5 is shut off with high responsiveness and high 
reliability while the resin layer 4 remains undestroyed. In 
addition, the following advantages arise: 

(1) The shut-off time for the current path is adjusted by 
regulating the thickness of the thin resin layer 5. 

(2) The placement of the conductive wire in a device can 
accommodate various device designs. 

(3) The resin layer is advantageous in View of ease of 
handling, resistance to the environment, and insulating char 
acteristics with respect to peripheral parts. 

(4) Since the resin layer 4 including the thin resin layer 5 
is formed when the conductive wire connecting the electric 
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conductors is formed by transfer mold using a metal mold, 
the production proceSS is simplified. Since the excess current 
interrupting Structure can be manufactured by utilizing a 
general Semiconductor package production line, the capacity 
of manufacturing the same is improved, and the decrease in 
cost is significant. 

FIGS. 2-7 show variations of the first embodiment of this 
invention for improving the responsiveness with witch the 
thin resin layer 5 is destroyed by the heat generation of the 
conductive wire 3. 

In the first variation shown in the top view of FIG. 2(a) 
and the cross-sectional view of FIG.2(b), the thin resin layer 
5a is curved along the shape of the conductive wire 3 bonded 
between the two electrodes 1, 2. This configuration pro 
motes crack propagation in a direction perpendicular to the 
conductive wire 3 upon the generation of heat due to the 
excess current, resulting in an improved responsiveness with 
which the thin resin layer is destroyed. 

One modification of the first variation is shown in the 
cross-sectional view of FIG. 3. This modification is that a 
grove 8 is formed on the back side of the thin resin layer 5 
in the resin layer 4. This configuration further reduces the 
thickness of the thin resin layer 5 and further promotes crack 
propagation in the direction perpendicular to the conductive 
wire 5. Accordingly the responsiveness with which the thin 
resin layer is destroyed further improves. 

The second variation of the first embodiment is shown in 
the top view of FIG. 4(a) and the cross-sectional view of 
FIG. 4(b). The difference is that two grooves 7, 8 are formed 
on the surface of the thin resin layer 5b. Groove 7 is formed 
in the direction along the conductive wire 3 and groove 8 is 
formed perpendicular to the groove 7. This configuration 
introduces a weaker structure at the thin resin layer 5b to 
promote crack propagation in the direction perpendicular to 
the conductive wire 5. Accordingly the responsiveness with 
which the thin resin layer 5b is destroyed improves. 

The third variation of the first embodiment is shown in the 
top view of FIG. 5(a) and the cross-sectional view of FIG. 
5(b). The difference is that a circular groove 9 is formed on 
the Surface of the thin resin layer 5c. This configuration 
introduces a weaker Structure at the thin resin layer 5c to 
promote the crack propagation, resulting in an improved 
responsiveness with which the thin resin layer 5c is 
destroyed. 

The fourth variation of the first embodiment is shown in 
the top view of FIG. 6(a) and the cross-sectional view of 
FIG. 6(b). The difference is that a groove 10 is formed on the 
Surface of the thin resin layer 5d in a direction perpendicular 
to the conductive wire 3. This configuration introduces a 
weaker Structure at the thin resin layer 5d to promote crack 
propagation, resulting in an improved responsiveness with 
which the thin resin layer 5d is destroyed. As a modification 
to this variation, a groove 11 may be formed in the direction 
of the conductive wire 3, rather than in a direction perpen 
dicular to the conductive wire 3, as shown in FIG. 7. 
Similarly, Such a configuration results in an improved 
responsiveness with which the thin resin layer 5e is 
destroyed. 

The schematic perspective view of FIG. 8 shows the 
Second embodiment of the excess current interrupting Struc 
ture of this invention. This configuration is similar to the 
configuration of the first embodiment except that a pair of 
SMD electrodes 1A, 2A are employed and embedded in the 
resin layer 4. 
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6 
The configuration of the Second embodiment also has the 

thin resin layer 5 at the section of the conductive wire 3, 
which is formed simultaneously as the resin layer 4. The 
Section of the thin resin layer 5 is instantaneously destroyed, 
together with the carbonized path. Typically, a crack forms 
in the Section of the thin resin layer 5 upon the bursting, and 
it does not matter whether the conductive wire 3 is melted 
by the excess current. As a result, when a load current 
flowing in the current path between the pair of electrode 
terminals 1A, 2A has become an exceSS current, the current 
path in the thin resin layer 5 is shut off with high respon 
Siveness and high reliability. One of the advantages of this 
embodiment is that it can be easily mounted on a Semicon 
ductor circuit pattern using conventional Surface mounting 
techniques. 

FIGS. 9(a)-(c) show a manufacturing process for the 
exceSS current interrupting Structure of the Second embodi 
ment. The process includes an electrode formation stage (a), 
a wire bonding Stage (b), and a resin molding Stage (c), in 
this order from the upstream to the downstream of the 
process. The lead frames shown in the figure undergoes the 
process and formed into the device shown in FIG. 8 by 
cutting unnecessary portions of the lead frames. 
The schematic perspective view of FIG. 10 shows the 

third embodiment of the excess current interrupting structure 
of this invention. This configuration is similar to the con 
figuration of the first embodiment except that one of the pair 
of the electrodes 1B has a terminal portion and a necessary 
lead portion for the terminal, as shown in the figure. 
The configuration of the third embodiment also has the 

thin resin layer 5 at the section of the conductive wire 3, 
which is formed simultaneously with the resin layer 4. The 
Section of the thin resin layer 5 is instantaneously destroyed, 
together with the carbonized path. Typically, a crack forms 
in the Section of the thin resin layer 5 upon the bursting, and 
it does not matter whether the conductive wire 3 is melted 
by the excess current. As a result, when a load current 
flowing in the current path between the pair of electrode 
terminals 1B, 2B has become an exceSS current, the current 
path in the thin resin layer 5 is shut off with high respon 
Siveness and high reliability. 

FIGS. 11(a)-(d) show a manufacturing process for the 
exceSS current interrupting Structure of the third embodi 
ment. The process includes an electrode formation stage (a), 
a terminal formation stage (b), a wire bonding stage (c) and 
a resin molding Stage (d), in this order from the upstream to 
the downstream of the process. The lead frame shown in the 
figures undergoes the process and is formed into the device 
shown in FIG. 10 by cutting off unnecessary portions of the 
lead frames. 

The top view FIG. 12(a) and the cross-sectional view 
FIG. 12(b) show the fourth embodiment of the excess 
current interrupting Structure of this invention. This con 
figuration is similar to the configuration of the first embodi 
ment except that the conductive wire is replaced by a 
conductive material of a Straight rod-like shape 3A. AS in the 
previous embodiments, the conductive wire 3 takes a curved 
form because it is fixed onto the electrodes using a wire 
bonding technique. The rod 3A may be made of the con 
ductive wire 3, or thin foil made of a conductive material. 
The configuration of the fourth embodiment also has the 

thin resin layer 5 at the section of the conductive rod 3A, 
which is formed simultaneously with the resin layer 4. The 
Section of the thin resin layer 5 is instantaneously destroyed, 
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together with the carbonized path. Typically, a crack forms 
in the Section of the thin resin layer 5 upon the bursting, and 
it does not matter whether the conductive rod 3A is melted 
by the excess current. As a result, when a load current 
flowing in the current path between the pair of electrode 
terminals 1,2 has become an exceSS current, the current path 
in the thin resin layer 5 is shut off with high responsiveness 
and high reliability. Furthermore, the overall size of the 
device can be reduced because of the Straight Shape of the 
conductive rod 3A. 

The schematic perspective view of FIG. 13 shows the fifth 
embodiment of the exceSS current interrupting Structure of 
this invention. This configuration is similar to the configu 
ration of the first embodiment except that a plurality of 
conductive wires 3a, 3b, 3c connect the two electrodes 1, 2. 
This configuration expands the area for the heat generation 
under the excess current, and accordingly the destruction of 
the thin resin layer 5 may start from more than a single point. 
In this configuration, the diameter of the conductive wire 3 
is inversely proportional to the number of the wires con 
necting the electrodes. 

The schematic perspective view of FIG. 14 shows the 
Sixth embodiment of the excess current interrupting Struc 
ture of this invention. This configuration is similar to the 
configuration of the first embodiment except that a tempera 
ture Sensor 14 is placed on the Surface of the thin resin layer 
5. The sensor may be made of a thermosensible material 
Such as a thermal tape, which changes its color upon change 
in temperature. Even when the destruction of the thin resin 
layer 5 is not readily visible, the change in color of the 
material placed on the Surface of the thin resin layer 5 is 
easily recognized as an indication of the destruction. The 
sensor 14 may be also embedded in the resin. 

The schematic perspective view of FIG. 15 shows the 
Seventh embodiment of the exceSS current interrupting Struc 
ture of this invention. This configuration is similar to the 
configuration of the first embodiment except that a StreSS 
sensor 15 is placed on the surface of the thin resin layer 5. 
The Sensor may be made of a StreSS-Sensible material Such 
as a StreSS-Sensible paper, which changes its color upon the 
change of the StreSS applied to the paper. Even when the 
destruction of the thin resin layer 5 is not readily visible, the 
change in color of the material placed on the Surface of the 
thin resin layer 5 is easily recognized as an indication of the 
destruction. The sensor 15 may be also embedded in the 
CS. 

AS described above, the exceSS current interrupting Struc 
ture of this invention can be used as a component in an 
electric circuit, and shut off the current path to which the 
Structure is inserted with high responsiveness and high 
reliability. 
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What is claimed is: 
1. An exceSS current interrupting Structure, comprising: 
a plurality of electrical conductors, 
an electrically conductive wire connected between at least 

a pair of the electric conductors, and 
a resin body between the pair of electrical conductors 

covering the electrically conductive wire and having a 
recessed portion formed on a side thereof that defines 
a thin layer of resin over the electrically conductive 
wire; 

the exceSS current interrupting Structure being configured 
So that a current flow through the electrically conduc 
tive wire in excess of a predetermined level causes 
destruction of the thin resin layer over the electrically 
conductive wire and interruption of the electric current 
without regard to melting or destruction of the electri 
cally conductive wire by the current flow in excess of 
a predetermined level. 

2. The excess current interrupting Structure of claim 1, 
further comprising a Second recessed portion formed over 
the electrically conductive wire in a Second Side of the resin 
body. 

3. The excess current interrupting Structure of claim 1, 
further comprising a Second recessed portion formed over 
the electrically conductive wire in the recessed portion of the 
resin body. 

4. The excess current interrupting Structure of claim 1, 
further comprising a Second electrically conductive wire 
connected between the electrical conductors. 

5. The excess current interrupting Structure of claim 1, 
wherein the electrically conductive wire is made from a 
metal Selected from the group consisting of gold, copper and 
aluminum. 

6. The exceSS current interrupting structure of claim 1, 
further comprising an abnormality indicator on the thin resin 
layer. 

7. The excess current interrupting Structure of claim 6, 
wherein the abnormality indicator comprises a temperature 
Sensing Substance. 

8. The excess current interrupting Structure of claim 6, 
wherein the abnormality indicator comprises a physical 
force Sensing Substance. 

9. The exceSS current interrupting structure of claim 1, 
wherein the configuration of the electrical conductorS is 
chosen So as to concentrate buildup of heat caused by the 
current flow in excess of a predetermined level on the 
electrically conductive wire. 

10. The exceSS current interrupting Structure of claim 1, 
wherein the electrical conductors are configured in a shape 
prescribed by Surface mounting Specifications. 


